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Abstract

Background: Bronchoscopic lung volume reduction using
endobronchial coils is a new treatment for patients with se-
vere emphysema. To date, the benefits have been modest
and have been suggested to be much larger in patients with
severe hyperinflation and nonmulti-comorbidity. Objective:
We aimed to evaluate the efficacy and safety of endobron-
chial coil treatment in a randomized multicenter clinical trial
using optimized patient selection. Method: Patients with se-
vere emphysema on HRCT scan with severe hyperinflation

(residual volume [RV] >200% predicted and RV/total lung ca-
pacity [TLC] >55%) were randomized to coil treatment or
control. Primary outcome measures were differences in the
forced expiratory volume in 1 s (FEV;) and St George’s Respi-
ratory Questionnaire (SGRQ) total score at 6 months. Results:
Due to premature study termination, a total of 120 patients
(age 63 + 7 years, FEV; 29 £ 7% predicted, RV 251 £ 41% pre-
dicted, RV/TLC 67 + 6%, and SGRQ 58 + 13 points), instead of
210 patients, were randomized. At study termination, 91 pa-
tients (57 coil and 34 control) had 6-month results available.
Analyses showed significantly greater improvements in fa-
vor of the coil group. The increase in FEV; was greater in the
coil group than that in the control group by + 10.3 [+4.7 to
+16.0] % and in SGRQ by —10.6 [-15.9 to —5.4] points. At
study termination, there were 5 (6.8%) deaths in the coil co-



hort reported. Conclusion: Despite early study termination,
coil treatment compared to control results in a significant
improvement in the lung function and quality of life benefits
for up to 6 months in patients with emphysema and severe
hyperinflation. These improvements were of clinical impor-
tance but were associated with a higher likelihood of serious
adverse events.

Introduction

In the past 10 years, bronchoscopic lung volume re-
duction using nitinol endobronchial coils has emerged as
a new treatment for COPD patients with severe emphy-
sema. Endobronchial coil treatment has been shown to
improve the quality of life, exercise capacity, and pulmo-
nary function in severe emphysema patients, with an ac-
ceptable safety profile [1-6].

Post hoc analysis from the RENEW trial [2], an inter-
national, multicenter, randomized controlled trial assess-
ing endobronchial coil treatment in emphysema patients
with severe lung hyperinflation, identified baseline pre-
dictors that identified patients who most likely signifi-
cantly benefitted from endobronchial coil treatment.
This post hoc analysis showed that both significant hy-
perinflation and quantitative CT scan analysis are critical
for patient selection and treatment planning for endo-
bronchial coil therapy. CT scan analysis is important to
identify optimal lobar treatment and to exclude patients
with insufficient emphysema, whereas visual assessment
identifies patients with signs of airway disease associated
with worse outcomes [7]. These findings need prospec-
tive confirmation to establish the profile of patients with
severe emphysema who should be offered the endobron-
chial coil treatment.

On the basis of these findings and previous trial re-
sults, the ELEVATE randomized clinical trial was de-
signed to assess 6-month effectiveness and safety of coil
treatment using this optimized patient selection. Based
on these promising findings, the ELEVATE study was ini-
tiated. It was a prospective, multicenter, open-label, ran-
domized controlled study. The ELEVATE study was con-
ducted to assess 6-month effectiveness and safety of en-
dobronchial coils on the quality of life and lung function
in patients with severe lung hyperinflation and advanced
emphysema. The study was terminated prematurely by
the study sponsor (Boston Scientific Corporation [BSC],
USA), for business-related reasons after 57% of the
planned patients were randomized.

Methods

Study Population

Severe emphysema patients meeting the indications for use per
the approved CE marked instructions for use for the coil system
treatment were included. And, in addition, the study population in-
cluded all subjects who have met the inclusion criteria. The main
eligibility criteria included COPD patients with severe emphysema,
with a 15% predicted < post-bronchodilator forced expiratory vol-
ume in 1 s (FEV,) <45% predicted, total lung capacity >100% pre-
dicted, and residual volume (RV) >200% predicted. Patients with
predominant small airways disease defined as significant bronchi-
ectasis with sputum production completion were excluded from en-
rollment. All inclusion and exclusion criteria for this study are listed
in the “Protocol of a Randomized Controlled Study of the PneumRx
Endobronchial Coil System versus Standard-of-Care Medical Man-
agement in the Treatment of Subjects with Severe Emphysema” [8].

Study Design

This was a prospective, multicenter, open-label, randomized
(2:1) controlled study comparing outcomes in subjects treated
with the coil system (the coil treatment group) to a medically man-
aged control group (the usual care group). The follow-up duration
was planned for 24 and 36 months (in France) post-initial treat-
ment. The primary endpoint was measured at 6 months. Enroll-
ment of 210 patients was planned, and patients were randomized
in a 2:1 ratio of coil treatment to usual care, respectively (140 coil
treatment group patients and 70 usual care group patients), across
up to 30 sites. Randomization was stratified by site and heteroge-
neity of emphysema.

Study Procedure

Procedural planning was performed in accordance with the
instruction for use. The coil system was a two-part system that
consists of sterile implants (3 sizes of coils: 100, 125, and 150 mm)
and sterile, disposable, single-use delivery system consisting of a
cartridge, catheter, guidewire, and forceps. The coil was delivered
through a standard 2.8-mm-inner diameter therapeutic broncho-
scope. Each coil implantation procedure must be performed un-
der fluoroscopy. The use of general anesthesia or conscious seda-
tion was at the discretion of the bronchoscopist and anesthesiolo-
gist. Coil treatment was bilaterally performed with procedures
separated by 1-3 months, with the most affected lobe of the lung
being treated on each side. Ideally, 10-12 coils were placed in an
upper lobe and 12-14 in a lower lobe. Identification of the most
affected lobe was by densitometry (quantitative CT analysis pro-
vided by PneumRx QCT service) of a high-resolution CT of the
lungs.

Study Measurements

At baseline and 6-month follow-up, the pulmonary function
test, 6-minute walk test, and inspiratory and expiratory HRCT were
performed and the quality-of-life assessments were completed.

Effectiveness Outcomes

The co-primary endpoints are the percent change in FEV, and
change in St George’s Respiratory Questionnaire (SGRQ) total
score from baseline to 6 months, with a difference of 10% in per-
cent change in FEV, and 7 points in SGRQ between coil treatment
and usual care groups.
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The study was stopped prematurely by Boston Scientific Corporation.
Boston Scientific has elected to terminate enrollment in the ELEVATE
study at all participating sites on 28 Oct 2019.

After study termination, data was collected up till April 2020.
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Death narratives

23 days post Treatment #1 | 63 Years Male | no information on the death available

163 days post Treatment #1 | 66 Years Male | Pneumonia / Coil associated Opacity | causal relationship to the device
366 days post Treatment #1| 67 Years Female | increased dyspnea | deemed not related to device

65 days post Treatment #1 | 71 Years Female | sponteneous pneumothorax non-treated lung | hypercapnia | unlikely related to device
73 days post Treatment #1 | 63 Years Male | COPD exacerbation and suspected pulmonary embolism | deemed not related to device

Fig. 1. Patient flow. BSC, Boston Scientific Corporation; FEV, forced expiratory volume 1 s; SGRQ, St George’s

Respiratory Questionnaire.

Statistical Analysis

Data reported were based on the available data of the frozen
trial database from April 6, 2020. Efficacy analyses were performed
with the available data. FEV; outcomes were not normally distrib-
uted. Data are presented as median values (95% confidence inter-
val [CI]). The Wilcoxon signed-rank test was used to calculate the
change from baseline at 6 months in FEV;. The Hodges-Lehmann
estimator was used to calculate the median of the group difference
(95% CI). The Mann-Whitney U test was used to calculate the me-
dian difference in change from baseline between groups for FEV.
SGRQ outcomes are normally distributed. Data are presented as
mean values (95% CI). The paired ¢-test was used to calculate the

change from baseline at 6 months in SGRQ. The independent sam-
ples t-test was used to calculate the mean difference in change from
baseline between groups for SGRQ. p values <0.05 were considered
significant. The change from baseline at 6 months in % for FEV,
and in points for SGRQ for each individual patient is displayed per
group. Minimal clinical important differences (MCIDs) were used
to calculate the proportion of responders. The MCID for FEV,
>10% change [9] and MCID for SGRQ =-7 points change [10]
were used. Safety is reported descriptively. Reported incidence
rates through 6 months are summarized for treatment and control
groups. All analyses were performed with IBM SPSS statistics ver-
sion 23.




Table 1. Baseline demographic characteristics of randomized pa-
tients

Characteristic Coil treatment Usual care
(N =80) (N = 40)
Demographic
Age, years 64 [44-84] 63 [52-79]
Female, n (%) 41 (51%) 21 (53%)
BMLI, kg/m? 23 [15-30] 24 [18-30]
Smoking history, pack-years 43 [7-100] 40 [10-133]

Lung function
FVC, L
FEV,, L

2.43 [1.20-4.53] 2.51 [1.58-4.28]
0.71 [0.45-1.45] 0.71 [0.41-1.40]

FEV, % predicted 29 [16-46] 28 [17-41]
FEV,/EVC, % 31 [18-53] 28 [19-46]
RV, L 5.30 [3.66-8.84] 5.30 [3.80-7.77]
RV, % predicted 243 [199-369] 241 [200-371]
RV/TLC 67 [55-83] 66 [54-78]
SGRQ, points 56 [41-90] 55 [19-86]

Data are presented as median [minimum-maximum] or n (%),
unless otherwise stated. FEV, forced expiratory volume in 1 s; %
predicted; FVC, forced vital capacity; RV, residual volume; TLC,
total lung capacity; SGRQ, St George’s Respiratory Questionnaire.
Baseline characteristics were similar in both groups.

Results

Premature Study Termination

This study was initially sponsored by PneumRx/BTG,
CA, USA.On August 19,2019, BTG was acquired by BSC,
USA. On October 28, 2019, BSC has elected to discon-
tinue the product pipeline of the ELEVAIR™ endobron-
chial coil system, resulting in premature study termina-
tion. BSC’s decision was inconsiderate with the wish of all
participating investigators to continue this unique thera-
py and was not driven by study results. After study termi-
nation, coordinators were able to enter data into the data
entry system up till April 2020. Data for this manuscript
were based on a snapshot of the database from April 6,
2020.

Patients

Study enrollment began in May 2018. Enrollment was
prematurely capped at 120 patients (57%), and the last
patient was treated on October 28, 2019. There were a to-
tal of 80 patients randomized to the treatment group and
40 patients randomized to the control group at 20 Euro-
pean sites. By 6 months, efficacy results were available
from 91 COPD patients (57 coil treatment and 34 con-

trol). Figure 1 shows the patient flow in the ELEVATE
study and Table 1 the demographic characteristics of the
randomized patients.

Treatment Details

The first coil treatment was performed in 73 patients
(91% of the 80 patients who were randomized for the coil
treatment group). A total of 64 patients were bilaterally
treated. A mean of 11.2 coils were used in the first treat-
ment, and a mean of 10.1 coils were used in the second
treatment. The mean procedure time of the first treat-
ment was 44.85 min, and the mean procedure time of the
second treatment was 41.60 min.

Efficacy Outcomes

Based on the available data, at 6 months, the coil
group (N = 57) showed significant improvements for
the co-primary endpoints (FEV; and SGRQ) compared
to control (N = 34), and a significantly higher response
rate for these outcomes in favor of the patients in the
coil treatment group (Fig. 2). There was also improve-
ment in the severity of hyperinflation. The between-
group difference in RV was —460 mL (-716 to —203 mL;
p = 0.001) in favor of patients in the coil treatment
group. The proportion of patients achieving an MCID
of >-350 mL in RV [11] was for patients in the coil
treatment group 50 versus 23% for patients in the con-
trol group (p = 0.007).

Safety

At database closure, there were 5 (6.8%) deaths in the
coil group and 0 (0%) deaths in the control group report-
ed. All deaths occurred posttreatment. Death narratives:
23 days posttreatment#1 (63-year-old man), no informa-
tion on the death available; 65 days posttreatment#1
(71-year-old woman), spontaneous pneumothorax non-
treated lung and hypercapnia, unlikely related to device;
73 days posttreatment#1 (63-year-old man), COPD exac-
erbation and suspected pulmonary embolism, deemed
not related to device; 163 days posttreatment#1 (66-year-
old man), pneumonia with coil-associated opacity, causal
relationship to the device; and 366 days posttreatment#1
(67-year-old woman) increased dyspnea, deemed not re-
lated to device. In the coil group, 30 patients (41.1%) ex-
perienced at least one serious adverse event (SAE), with a
total of 45 SAEs reported up till database closure (most
frequently: pneumonia 11.0%, COPD exacerbation 4.1%,
and pneumothorax 4.1%). In the control group, 3 patients
(7.5%) experienced at least one SAE (all COPD exacerba-
tion).



Outcomes Control Treatment Difference p value
between groups
Median change in FEV1 n =34 n =757
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p = 0.050 p = 0.004
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Fig. 2. Efficacy outcomes. Data reported are based on the available
data of the frozen trial database from April 6, 2020. Efficacy and
responder analyses were performed with the available data. a Pri-
mary endpoints at 6-month follow-up. FEV; outcomes are not
normally distributed and are presented as median values (95% CI).
SGRQ outcomes are normally distributed and are presented as
mean values (95% CI). b MCID responder results. The change
from baseline at 6 months in % for FEV, and in points for SGRQ

Discussion

Despite early study termination, the endobronchial
coil treatment compared to control results in an improve-
ment in the lung function and quality-of-life benefits for
up to 6 months in the selected COPD patients with em-

for each individual patient is displayed per group. MCID for FEV,
is >10% change and MCID for SGRQ is >~7 points change is a re-
sponder. One bar represents one patient. Light gray-colored bars
represent patients not reaching the MCID. Blue colored bars rep-
resent patients who did reach the MCID. FEV}, forced expiratory
volume 1 s; MCID, minimal clinical important difference; SGRQ,
St George’s Respiratory Questionnaire; CI, confidence interval.

physema and severe hyperinflation and absence of pre-
dominant small airways disease and/or significant bron-
chiectasis. The improvements in both FEV, and quality of
life were of clinical importance but were associated with a
higher likelihood of SAEs. These outcomes confirm the
previously published findings using this treatment [1-4].



Our analysis was limited due to the premature study
termination, resulting in a limited and incomplete data
set. Instead of 210 patients randomized, there were 120
(57%) patients randomized. Since the database was
locked, analysis could only be performed on the data
which were entered into the electronic database system
before April 6, 2020, resulting in 6-month follow-up ef-
ficacy data from 91 patients. Also, the follow-up period of
2 years after treatment#1 was not completed.

There was a higher mortality in the coil group than the
standard of care (6.8 vs. 0%). No definitive results could be
presented due to incomplete follow-up. Compared to pre-
vious trials investigating the coil treatment, the percentage
of death seems to be similar in the treatment group. In the
RENEW trial [2], the percentage of death was 6.5 versus
5.1% in the control arm, and in the REVOLENS [1], it was
8 versus 6%. However, in this dataset, the percentage of
deaths in the control group was very low; this is probably
due to the incomplete dataset and follow-up.

To date, only lung volume reduction surgery and bron-
choscopic lung volume reduction using one-way valves
reached the evidence level to be used outside of clinical
trials [12]. Since only a small percentage (10-20%) of our
total referred severe emphysema patients is eligible for
these more established advanced treatments [13], an ad-
ditional lung volume reduction treatment, such as this coil
treatment, is highly necessary to treat our suffering pa-
tients who hardly have any alternative treatments [12-14].

Conclusion

Despite early study termination, coil treatment com-
pared to control results in an improvement in the lung
function and quality-of-life benefits for up to 6 months in
patients with emphysema and severe hyperinflation. The
investigators collaboratively believed that publishing the
available results could promote future developments of
similar worthwhile techniques (NCT04520152) for our
severe COPD patients with emphysema, who hardly have
any alternative treatments, particularly in the presence of
incomplete interlobar fissures and/or a more homoge-
neous emphysema distribution.
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